We demonstrate a spin to charge current conversion via magnon-phonon coupling and inverse Edelstein effect on the hybrid device Ni/Cu(Ag)/Bi2O3. The generation of spin current (Js ≈ 10 8 A/m 2 ) due to magnon -phonon coupling reveals the viability of acoustic spin pumping as mechanism for the development of spintronic devices. A full in-plane magnetic field angle dependence of the power absorption and a combination of longitudinal and transverse voltage detection reveals the symmetric and asymmetric components of the inverse Edelstein effect voltage induced by Rayleigh type surface acoustic waves. While the symmetric components are well studied, asymmetric components are widely unexplored. We assign the asymmetric contributions to the interference between longitudinal and shear waves and an anisotropic charge distribution in our hybrid device.
Methods for generation of spin current and its conversion to electrical charge current has been vigorously studied in recent years, particularly based on physical phenomena at the nanoscale [1] . In the presence of magnetic materials, spin currents can be generated by magnonphoton or magnon-phonon coupling. Magnon-phonon coupling can be achieved by passing surface acoustic waves (SAW) across ferromagnetic layers due to magnetoelastic effect [2] . Periodic elastic deformation of ferromagnetic film by SAW drives precessional magnetization dynamics such as ferromagnetic resonance (FMR). This process is known as acoustic-FMR (A-FMR), and is analogous to the most common FMR which is driven by electromagnetic waves (photons). Both, FMR and A-FMR are used as mechanism for generation of spin current which can be injected into an adjacent nonmagnetic layers, a process better known as spin pumping [3, 4] . The generated spin current is usually converted to electrical charge current by inverse spin Hall effect (ISHE) [5] . Alternatively, recent reports showed efficient spin to charge current conversion at interfaces with spatial inversion asymmetry between two nonmagnetic materials [6, 7] . Spatial inversion asymmetry induces a built-in electric potential and spin orbit coupling at surfaces and interfaces, the so-called Rashba spin orbit coupling [8] . Here, the spin to charge conversion mechanism is known as inverse Edelstein effect (IEE). In this letter, we demonstrate spin to charge conversion in a hybrid device which combines magnon-phonon coupling via SAW and inverse Edelstein effect (IEE).
Our hybrid devices consist of Ni(10nm)/Cu(20nm)/Bi 2 O 3 (20nm) and Ni(10nm)/Ag(20nm)/Bi 2 O 3 (20nm) trilayer structure deposited on LiNbO 3 substrates at the center of a pair of Ti(5nm)/Au(20nm) interdigital transducer (IDT). By applying RF voltage at the input IDT, Rayleigh type SAWs are launched along x-axis (see Fig.  1(a) ), driving a time dependent strain field ε(t) in the lattice, inducing a time varying contribution to the magnetic anisotropy in the ferromagnetic layer (Ni) via magnetoelastic effect [2] . As schematically demonstrate in Figure 1 (b), in the presence of a static magnetic field H, the SAW induced anisotropy field excites a processional motion of magnetization M around H direction, enabling ferromagnetic resonance in Ni and injecting spin current into the adjacent nonmagnetic layer, Cu (Ag). Then, due to the inversion spatial symmetry breaking at the interface between Cu (Ag) and Bi 2 O 3 [6, 9, 10] , the system converts spin current into charge current via IEE, inducing a magnetic field dependent voltage V , detected in longitudinal and transverse geometries.
The spin current generated by SAW via magnonphonon coupling strongly depends in the absorption of acoustic waves in the ferromagnetic layer. We first characterize the absorption of SAW by using a vector network analyzer (VNA), while varying the in-plane external magnetic field angle. Absorption of SAW is characterized by systematically measuring the transmission coefficient |S 21 | as function of in-plane static magnetic field magnitude and angle θ, as illustrated in Figure 1 of SAW absorption with the angle formed between SAW k-wavevector and in-plane magnetic field, having maximum absorption at 45
• , and it is considered as the fingerprint of acoustic-FMR [2, 11] . Asymmetry between top and bottom side of the four fold symmetry indicates the non-negligible interference of magnetoelastic couplings of shear waves and longitudinal waves ( Fig. 2(b) ). Magnetization dynamics induced by Rayleigh SAW are composed by longitudinal wave and shear wave motion components perpendicular to each other (π/2 dephasing), forming ellipsoidal oscillations. When the SAW direction vector k is reversed, the ellipsoidal motion is reversed, which is accompanied by a sign change of the shear strain component ε zx0 . Magnetoelastic coupling by interference of longitudinal (ε xx0 ) and shear wave (ε zx0 ) can be described by Eq. (1), which directly elucidates the excitation efficiency of FMR, which is proportional to the SAW ab-
where, b 1(2) is the magneto-elastic coupling constant, ε xx0(zx0) represents the longitudinal strain (shear strain) induced by SAW, and θ refers to in-plane static magnetic field orientation as depicted in Figure 1(a) . Recently, the microscopic origin of this asymmetric mechanism has been reported and it has been ascribed to simultaneous breaking of time reversal and spatial inversion symmetries [12] . Both, time reversal and spatial inversion symmetry are broken at our hybrid device. The resultant asymmetry is particularly evident for Ni/Ag/Bi 2 O 3 in Fig. 2(b) . Ratio of longitudinal and transverse magnetoelastic coupling in Ag is larger than Cu, inducing larger anisotropies [13] .
Driving of acoustic-FMR produces spin current which can be injected to adjacent nonmagnetic layers, and converted to charge current when spin orbit interaction exists. Figure 3 shows the magnetic field dependent IEE charge current detected in Ni/Cu/Bi 2 O 3 (red circles) and Ni/Ag/Bi 2 O 3 (blue triangles) devices, rescaled by their corresponding SAW power absorption, P SAW . The spin to charge conversion at nonmagnetic metal/Bi 2 O 3 interfaces was first reported by Karube et. al. [6] , describing the non-equilibrium spin accumulation induced by spin current injection at this interface, resulting in a shift of Fermi contours in momentum space that generates a flow of charge current in the device. Considering the fact that the ISHE is negligible in our device, the spin pumping signal is mainly consequence of the IEE. Therefore, the opposite sign of the spin pumping signal shown in Fig.  3 reflects the opposite spin momentum locking configuration at Cu/Bi 2 O 3 and Ag/Bi 2 O 3 interfaces, corroborating well the observation from electromagnetic wave induced spin pumping and MOKE [9, 14] . Spin pumping measurements driven by electromagnetic wave FMR contain an asymmetric component due to classical induction effect, the anisotropic magnetoresistance voltage [15] . The induction effect is strongly suppressed in acoustic spin pumping measurements.
Feasibility of acoustic spin pumping was previously reported in a limited range of in-plane magnetic field angles, measured in transverse geometry [4] . We extend our study to the full in-plane magnetic field angle dependence with voltage detection in both, transverse and longitudinal geometries. For transverse geometry we detect the voltage perpendicular to the SAW wavevector k (V T in Fig. 1(a) ), while for the longitudinal geometry we detect the voltage parallel to the SAW wavevector k (V L in Fig.  1(a) ). . Since the V T mainly depends on the excitation efficiency of FMR and the projection angle of the spin current onto the Rashba interface, the top and bottom side asymmetry presented in SAW absorption is also reflected in the transverse voltage. For fitting our data, as the SAW damping in longitudinal direction does not affect the transverse potential in our device, the longitudinal component of µ 0 h rf (θ) has negligible influence in our spin pumping signal, and we can only consider the transverse component of excitation   FIG. 3 . Longitudinal signal measured on Ni/Cu/Bi2O3 (red circles) and Ni/Ag/Bi2O3 (blue triangles) devices depending on the magnetic field amplitude at θ = 240
• .
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We repeat our acoustic spin pumping measurements now with longitudinal voltage detection. Figures 4(c) and 4(d) show the magnetic field angle dependence (θ) of the longitudinal IEE voltage V L for Ni/Cu/Bi 2 O 3 (c) and Ni/Ag/Bi 2 O 3 (d). Due to the damping of SAW in the propagation direction, it is possible to observe influence of the transverse excitation component in the V L , adding an amplitude asymmetry in the four fold symmetry. We fit our data by (3)
We also observe an additional asymmetric component in Figs. 4(c) and 4(d) . This asymmetric component is described by the non-symmetric charges distribution at the position of our electrodes, when varying the magnetic field angle. The charge distribution is dictated by the electric field E induced by spin orbit interaction, which is proportional to the flow direction of spin current J s and its spin polarization σ s , such that E ∝ J s × σ s [16] . Hence, the asymmetry is the resultant of the projection of spin polarization σ s in transverse and longitudinal geometries and the damping of SAW in the propagation direction (see Supplemental Material [17] ).
Magnitude of spin current generated via magnonphonon coupling in our samples, can be estimated by [7] 
where λ IEE is the IEE length, w is the sample width and R the electric sample resistance. For our Cu/Bi 2 O 3 we have λ IEE = −0.17nm [14] , w = 10µm, R = 42.87Ω. We obtain a spin current J s = 1.648 Figure 4 (a). This spin current density is comparable to commonly reported values for standard spin pumping driven by electromagnetic wave FMR [7, 18, 19] . Full angle dependence of spin current is available in the Supplemental Material [17] .
In summary, we demonstrated the feasibility of combining acoustic spin pumping via magnon -phonon coupling and spin to charge conversion via IEE at the Rashba like Cu(Ag)/Bi 2 O 3 interfaces. Opposite signs of acoustic spin pumping signals elucidates the opposite spin configuration for Cu/Bi 2 O 3 and Ag/Bi 2 O 3 interfaces. Combination of full angle dependence of in plane magnetic field with transverse and longitudinal voltage detection allows to study the contributions of longitudinal and shear waves always present in Rayleigh type SAW. Such contributions are observed as asymmetries present in the magnetic field dependence of absorption and acoustic spin pumping measurements. The present study gives a systematic study of mechanical generation of spin current via magnon -phonon interaction. Alternatively, it has been proposed that mechanical generation of spin current can also be achieved by direct coupling to the atomic lattice, with no need for magnetic materials, external magnetic fields and spin orbit interaction [20] . Experimental manifestation of this coupling has been recently observed by coupling SAW to Cu layer [21] . Despite that our experimental scheme cannot rule out additional generation of spin current via direct SAW coupling to our nonmagnetic layers (Cu, Ag), we do not observe clear evidence of it in our power absorption measurements at θ = 90
• or 270
• , where the magnetization in Ni is expected to be perpendicular to the vector of spin polarization induced by spin rotation coupling (Figure 2 ). This is the configuration for maximum signal reported in [21] . Unambiguous determination of spin current generation by direct spin rotation coupling in Cu (Ag) may be achieved by optical characterization of spin accumulation without presence of magnetic materials [9] . 
